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Available online 11 May 2015AbstractIntroduction: Alpinia calcarata represent one of the most commonly used plant in traditional systems of Indian medicines.
Objective: To study the phytochemical and in vitro free radical scavenging activity of rhizome of A. calcarata.
Methods: Phytochemical evaluation of the rhizome of A. calcarata was carried out with successive solvent extraction. The in vitro free radical
scavenging activities were also studied in ethanolic extract using standard protocols.
Results: It was found that most of the secondary metabolites like flavonoid, steroid, terpenoid etc were found in ethanolic extract of A. calcarata
when compared with other solvent extraction. It also shows better inhibition potential in various in vitro scavenging models when compared to
the standard.
Conclusion: Hence the present study reveals that the rhizome of A. calcarata might be used as herbal drug.
Copyright © 2015, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Medicinal plants have always been associated with cultural
behavior and traditional knowledge. Many studies have
demonstrated that medicinal plants contain various bioactive
compounds with antioxidant activity, which are responsible for
their beneficial health effects.1 Herbal medicine is the major
stay of about 75e80% of the world population, mainly in the
developing countries, for primary health care due to a better
cultural acceptability, better compatibility with human body and
few side effects. Phytonutrients have various health benefits,
for example, they may have antimicrobial, anti-inflammatory,
cancer preventive, anti-diabetic and anti-hypertensive effects.* Corresponding author. Department of Biochemistry, Karpagam University,
Coimbatore-641 021, Tamilnadu, India.
E-mail address: dr.devaki.bc@gmail.com (K. Devaki).
http://dx.doi.org/10.1016/j.jacme.2015.02.005
2211-5587/Copyright © 2015, Taiwan Society of Emergency Medicine. PublishedThe photochemical constituent of a plant will often determine
the physiological action on the human body.2 Medicinal plants
contain several active principles with specific therapeutic
effects. They represent a source of chemical compounds such
as tannins, flavonoids, saponins, resins and alkaloids with
curative properties, often not provided by synthetic chemical
compounds.3
Oxygen free radicals are formed in tissue cells by various
endogenous and exogenous causes such as metabolism,
chemicals, and ionizing radiation. Approximately 5% of oxy-
gen gets univalently reduced to oxygen derived free radicals
like superoxide, hydrogen peroxide, hydroxyl and nitric oxide
radicals. All these radicals are known as reactive oxygen spe-
cies (ROS) exert oxidative stress to the cells. When the gen-
eration of ROS overtakes the antioxidant defence of the cells,
the free radicals start attacking cellular proteins, lipids and
carbohydrates leading to the pathogenesis of many disorders.4by Elsevier Taiwan LLC. All rights reserved.
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damage caused by uncontrolled production of ROS and the
concomitant lipid peroxidation, protein damage and DNA strand
breaking. Antioxidant supplements or foods containing antioxi-
dants may be used to help the human body to reduce oxidative
damage. The most commonly used antioxidants are Butylated
hydroxyanisole (BHA), Butylated hydroxytoluene (BHT), pro-
pylgallate and tertbutyl-hydroquinone.5 However, they have been
suspected of being responsible for liver damage and carcinogen-
esis in laboratory animals.6 Therefore, the development anduse of
more effective antioxidants is desired. In traditional medicine,
several medicinal plants are used for the treatment of diabetes
mellitus. Ethnobotanic inquiries have recorded the plants used in
such a perspective, among whichAlpinia calcarata represent one
of the most commonly used species. These plants are very well
known in traditional systems of Indian medicines and there are
several reports on their biological and clinical potential including
antioxidant and antimicrobial activity.7e9Hence the present study
was intended to report the preliminary phytochemical screening
and antiradical potential of A. calcarata rhizomes.
2. Materials and methods2.1. Collection of plant materialThe A. calcarata rhizome procured from Pollachi was
authentified by Dr.G.V.S.Murthy, the Botanical Survey of
India, TamilNadu Agricultural University (TNAU), Coimba-
tore (Voucher no: BSI/SRC/5/23/09-10/Tech-982).2.2. Sequential solvent extraction for preliminary
phytochemical screeningTable 1
Phytochemical screening of Alpinia calcarata.
Extracts AL ST FL TP AP CH CG SA OF TN
Petroleum Ether  þ þ    þ   
Chloroform    þ  þ   þ 
Ethyl Acetate  þ    þ þ  þ 
Ethanol  þ þ þ  þ  þ  
Aqueous þ  þ   þ  þ  The rhizomes of A. calcarata were spread out and dried at
room temperature for 8e10 days. They were ground to fine
powder using electric blender and stored in a closed container at
room temperature until required. The powdered sample was
taken and subjected to successive solvent extraction in the ratio of
1:5 (w/v) for 16 hours by using soxhlet apparatus with the sol-
vents such as petroleum ether, chloroform, ethyl acetate, ethanol,
water in the increasing order of polarity. The extracts were
filtered usingWhatmanfilter paperNo.2 on aBuchner funnel and
the solvent was removed under reduced pressure using rotary
evaporator at 40

C. For quantitative determination, the extract
was placed in pre-weighed flasks before drying. The remaining
plant residue was extracted with other solvents sequentially.AL ¼ Alkaloids; CG¼ Cardioglycosides; SA¼ Saponin; OF¼Oils & Fats;
TP ¼ Tannin & Phenolic compounds; TN ¼ Terpenoids; FL¼ Flavonoids;
AP ¼ Amino acids & Proteins; ST¼ Steroids; CH¼Carbohydrates;2.3. Qualitative phytochemical screening
‘þ’ ¼ Present; ‘’ ¼ Absent.
Table 2Qualitatative phytochemical screening was done according
to the method of Harborne.10Quantitative phytochemical analysis of Alpinia calcarata.
Particulars Ethanolic extract2.4. Biochemical characterization
of Alpinia calcarata
Carbohydrate (mg/g) 71.9 ± 0.31
Phenolic compound (mg/g of gallic acid equivalent) 100.7 ± 0.36
Flavonoids (mg/g of quercetin equivalent) 24.2 ± 0.40Quantitative analysis of total carbohydrates, total phenols
were done according to the method of Sadasivam and Man-
ickam,11 and flavonoids by Ordon et al.122.5. In vitro antioxidant assaysReducing power assay was determined by Oyaizu,13 DPPH
radical scavenging assaywas estimated byMurthy et al.,14 ferric
reducing antioxidant power (FRAP) assay was calculated by
Benzie and Strain,15 hydroxyl radical scavenging activity was
determined according to themethod ofKlein et al.,16 superoxide
anion radical assay was determined by Nishikimi et al.,17 and
nitric oxide radical scavenging assay was estimated by Garrat.18
3. Results and discussion
Reactive oxygen species (ROS) are involved in the patho-
genesis of various diseases. Uncontrolled oxidation is caused
by free radicals. Natural antioxidants like flavonoid, phenols,
terpenoids, polyphenols, etc., present in medicinal plants are
responsible for inhibiting or preventing the deleterious con-
sequences of oxidative stress.19
In the present work, A. calcarata rhizome was used to
analyze its phytochemical constituents and in vitro anti-
oxidant scavenging activity. The results of qualitative phyto-
chemical screening were depicted in Table 1. Most of the
phytochemicals like flavonoid, steroid, terpenoid, carbohy-
drates and saponins were present in the ethanolic extract of A.
calcarata when compared to other solvent extracts. Hence the
ethanolic extract was selected for quantitative phytochemical
analysis and free radical scavenging activity assays.
Table 2 represents the quantitative estimation of phyto-
chemicals in ethanolic extract of A. calcarata. The carbohy-
drate, phenolic and flavanoid contents were found to be 71 mg/
g, 100 mg/g of gallic acid equivalent and 24.2 mg/g of quer-
certin. equivalent respectively.3.1. Reducing power assayReducing power may be regarded as an indicator of
potential antioxidant activity. In the reducing power assay, the
Fig. 1. Reducing power activity of the ethanolic extract of Alpinia calcarata.
Fig. 3. Ferric reducing antioxidant power of Alpinia calcarata.
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plex to the ferrous form and results in a color change from
yellow to greenish blue. Therefore the reducing power can be
measured by detecting the formation of Perl's Prussian blue at
700 nm20. The reducing power capacity of ethanolic extract of
A. calcarata rhizome was shown in Fig. 1. When compared to
that of standard BHT the reducing power capacity of rhizome
extract was found to be higher at the concentration of 500 mg/
ml and it increases with its increasing concentration. Therefore
the increasing percentage of inhibition implies the increasing
trend of reducing power. Hence the phytochemicals present in
the ethanolic extract of A. calcarata rhizome appear to func-
tion as good electron and hydrogen atom donors and therefore
should be able to terminate radical chain reaction by con-
verting free radicals to more stable products which in tune
accordance with the earliest report of Gowri et al.213.2. DPPH radical scavenging activityDPPH is a stable free radical at room temperature often
used to evaluate the antioxidant activity of several natural
compounds. The reduction capacity of DPPH radicals was
determined by the decrease in its absorbance at 517 nm, which
is induced by antioxidants.22 The percentage of DPPH radical
scavenging activity of ethanolic extract of A. calcarata
rhizome was presented in Fig. 2. The ethanolic extract of A.
calcarata exhibited a maximum scavenging activity of 86.09%
at 500 mg/ml, whereas for BHT (standard) was found to beFig. 2. DPPH scavenging activity of the ethanolic extract of Alpinia calcarata.53.60% at the same concentration. The IC50 values of plant
extract was found to be 230.6 mg/ml and 470.33 mg/ml for
standard. Similarly, Hussain et al.,23 also reported about the
maximum scavenging activity in Lamiaceae essential oils
when compared to standard antioxidant.3.3. FRAP assayFRAP measures the ability of antioxidants to reduce ferric
2, 4, 6- triperidyl-s-triazine complex to intensively blue
colored ferrous complex in acidic medium. Hence any com-
pound which is having redox potential lower than that of
redox pair Fe (III)/Fe (II) can theoretically reduce Fe (III) to
Fe (II).24 The FRAP assay of the ethanolic extract of A.
calcarata rhizome was shown in Fig. 3, implies a good
reducing power capacity with its maximum absorbance of
0.78 mg/ml at 500 mg/ml and the activity was dependent on
concentration.
According to Oktay et al.,25 positive relationship between
total phenols and antioxidant activity appears to be the trend in
many plant species. Recently, Li et al.,26 reported that the
presence of phytochemicals in several plants significantly
correlated with high FRAP values. Since, the extract have the
ability to scavenge free radicals, thereby preventing lipid
oxidation via a chain breaking reaction; they could serve as
potential nutraceuticals when ingested along with nutrients. In
this study the ethanolic extract possesses the better hydrogen
donation capacity which suppresses the free radicals. The
above result was similar to that of Arazo et al.,27 who reported
the antioxidant potential of Garcinia tinctoria.3.4. Hydroxyl radical scavenging activityHydroxyl radical is the most reactive oxygen species and
induces several damage in adjacent biomolecules.28 The hy-
droxyl radical scavenging ability of the ethanolic extract of A.
calcarata was depicted in Fig. 4. The percentage inhibition
was found to be 77.8% at concentration of 500 mg/ml. The
IC50 value of ethanolic extract of A. calcarata rhizome was
found to be 351 mg/ml, which was closely related to the
standard BHT. It has been reported that the phenols may work
by providing hydrogen atoms from its hydroxyl groups to
scavenge hydroxyl radicals generated from hydrogen
peroxide.29
Fig. 4. Hydroxyl radical scavenging activity of the Alpinia calcarata. Fig. 6. Superoxide radical scavenging activity of the Alpinia calcarata.
36 R. Ramya et al. / Journal of Acute Medicine 5 (2015) 33e373.5. Nitric oxide radical scavenging activityNitric oxide radical inhibition study proved that the etha-
nolic extract of A. calcarata rhizome is a potent scavenger of
nitric oxide generated from sodium nitroprusside which reacts
with oxygen to form nitrite. This extract inhibits nitrite for-
mation by competing with oxygen to react with nitric oxide
directly and also to inhibit its synthesis. Scavengers of nitric
oxide compete with oxygen leading to reduced production of
nitric oxide.30
The scavenging effect on the nitric oxide radical assay of
the ethanolic extract of A. calcarata rhizome and standard
BHT at 500 mg/ml was found to be 75.73%, 49.13% inhibition
respectively and the IC50 value was found to be 395 mg/ml,
510 mg/ml respectively (Fig. 5). Increasing the sample con-
centration range from 100 to 500 mg/ml, the scavenging effect
also increased in the dose dependent manner. Hence the
ethanolic extract of A. calcarata has better nitric oxide radical
scavenging activity in competing with oxygen to react with
nitric oxide and thus the inhibition of generation of anions
were accordance with the earlier reports of Balakrishnan and
Kokilavani.313.6. Superoxide radical scavenging activityFree radicals have been implicated in many disease con-
ditions, the important one being superoxide radical. The su-
peroxide anion derived from dissolved oxygen by phenazine
methosulphate/NADH coupling reaction reduces nitro blueFig. 5. Nitric oxide radical scavenging activity of the Alpinia calcarata.tetrazolium. The decrease in the absorbance at 560nm with the
ethanolic extract of A. calcarata rhizome thus indicates the
consumption of superoxide anion in the reaction mixture. The
superoxide radical scavenging activities of ethanolic extract of
A. calcarata rhizome and BHT were represented in Fig. 6.
The scavenging effects of the ethanolic extract of A. cal-
carata rhizome, standard BHT on the superoxide radical was
found to be 90.4%, 80.42% respectively at each 500 mg/ml
concentration. Increasing the sample concentration range from
100 to 500 mg/ml, the scavenging effect also increased in the
dose dependent manner. Chandra Mohan et al.,32 reported
that secondary metabolites are effective antioxidants mainly
because they scavenge superoxide anions.
4. Conclusion
In conclusion, the results of the present study clearly
indicate that the ethanolic extract of A. calcarata rhizome
possesses powerful in vitro antioxidant activity. The overall
antioxidant activity might be due to the presence of various
secondary metabolites like flavonoids and phenolic compo-
nents in it which were proved in quantitative phytochemical
analysis. The plant merits further investigation in animal
models to confirm its antioxidant activity in vivo and to isolate
the active constituents, which may result in a modern drug
from this plant.
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